Caustic ingestion affects 5 -518/100 000 people per year, largely in less industrialised nations. [2, 3] Distress and a healthcare consultation also occasionally result from choking on age-inappropriate food items (typically hard sweets or large chunks of meat) or bones (especially fish bones [4] ), and accidental medication ingestion. At Red Cross War Memorial Children's Hospital, nearly two of three ingested foreign bodies require endoscopic or surgical removal. [5] Endoscopic grading of injury under general anaesthesia is required in 40% of children who present with caustic ingestion. [6] Ingestion of multiple magnets results in bowel perforations in at least half of children affected. [7] Primary prevention through education and awareness is crucial to reduce the substantial healthcare burden that such incidents present.
The majority of these accidental ingestions occur in the home and nearby areas. [8] Conditions that carry an increased risk of ingestion/ aspiration include attention-deficit hyperactivity syndrome, [9] low levels of parental education, [9, 10] young mothers, [8] lack of parental supervision, [8] and rural abode. [11] Male gender predominance is an inconstant finding. [5, 9, [12] [13] [14] Curiosity, exploration of the developing oral phase, the child's inexperience and limited understanding of the environment combined with inadequate caregiver supervision put children under-5 [15] at the highest risk of injury from ingested foreign bodies and caustic substances, with a peak incidence at 3 years of age. [5] A child may present acutely with peri-oral inflammation, dysphagia, drooling, cough, stridor, hoarseness, vomiting or signs of peritonitis.
A history of such ingestion may be absent, as ingestion is witnessed in as few as a quarter of all cases, [16] making timely diagnosis and treatment challenging. Peri-oral burns may cause dysphagia and drooling lasting a few hours to weeks. These external signs do not reliably predict oesophageal penetration. Other symptoms include respiratory distress, e.g. from ingestion of volatile agents (e.g. paraffin, hydrocarbons), which may require temporary oxygen support. Fullthickness oesophageal necrosis with subsequent mediastinitis and gastric necrosis with perforation and peritonitis fortunately occur very rarely in children, as intake is usually accidental, substances are not very potent and volumes ingested are thus usually limited by the unpleasant taste.
Household cleaning agents are the most common causative chemical agents, usually because of unsafe storage or use while small children are ill-advisedly allowed in the vicinity. The most commonly ingested chemical is an oxidising agent, such as peroxide or chloride bleach, with domestically retailed concentrations causing only superficial redness and mild oedema. These are therefore not a major risk factor for oesophageal strictures; nevertheless, they result in a significant number of visits to emergency departments although more than symptomatic treatment is usually not required. [12] More concentrated agents used in industrial or agricultural contexts may be ingested, particularly in rural areas. [11] 
Complications
Ingestion of a strong alkali (pH ≥11.5), strong acid (pH ≤2) or oxidising agent, and mixtures of these, will cause chemical burns in 20 -40% of children. [17, 18] Injury depends on the chemical concentration and volume, the tissue surface area and the duration of exposure. Among the most common serious long-term sequelae is oesophageal stricture formation (7 -25%), [12, 17] which occurs when submucosal penetration of the burn involves >50% of the lumen.
Foreign body perforation and/or obstruction of the gastrointestinal tract (GIT) typically occurs proximal to normal anatomical narrowing, i.e. (i) the cricopharynx, which is the narrowest part of the child's upper GIT (Fig. 1); (ii) the upper third of the oesophagus, where the left main bronchus and aortic arch cross anteriorly with the vertebral bodies posteriorly (Fig. 2) ; (iii) the oesophagogastric junction (lower oesophageal sphincter); (iv) the pylorus (Fig. 3) ; (v) the duodenum at the ligament of Treitz; and (vi) the ileocaecal valve.
Dangerous ingested foreign bodies include sharp objects that can penetrate the GIT, and blunt objects that may cause partial or complete GIT obstruction and pressure necrosis. Ingestion of ≥2 magnets can rapidly cause entero-enteric fistulas (Fig. 4) , with 85% requi ring removal by means of endoscopy, laparoscopy or laparotomy. [19] Electric disc cells (commonly known as button Accidental caustic and foreign body ingestion by young children lead to a high number of emergency department visits, especially in lower-and middle-income countries. Some of these cause minimal tissue injury or pass spontaneously and uneventfully through the gastrointestinal tract; others may cause major morbidity, or rarely mortality. Increased primary prevention of ingestion through community awareness and vigilant childcare in addition to legislative steps to ensure a safe environment for these vulnerable members of society are needed. Secondary prevention of long-term sequelae through timely and appropriate assessment and referral for endoscopy, laparotomy or other treatments can limit morbidity where primary prevention fails. Basic guidelines for management principles are suggested. Social lobby is required to further reform commercial risks to children in addition to creating caregiver awareness of common environmental hazards, particularly in developing countries such as South Africa. CME batteries) can cause focal oesophageal burns within an hour in animal studies, while residual activity in used and discarded batteries can still cause significant hydrolysis of tissue. [20] If the narrow negative pole lies anteriorly, risk of perforation with mediastinitis, trachea-oesophageal fistula formation, erosion into great mediastinal vessels (e.g. oesophago-aortic fistulas) and long-term oesophageal stricture formation escalate significantly, especially when extraction is delayed >15 hours after ingestion. [21] [22] [23] Coins remain the most commonly ingested foreign body [5, 24] locally and internationally, followed by other plastic and metal objects, especially toy parts. Most (>80%) round objects such as coins, marbles and button batteries are likely to pass through the rest of the GIT spontaneously and uneventfully if they have traversed the cricopharynx. [25, 26] Fortunately, most foreign bodies (>80%) are radio-opaque. [5, 16] Fluoroscopy and occasionally sonography may be useful to detect radiolucent objects, but a low index of suspicion is required for endoscopic evaluation in these cases.
Oesophageal motility and patency may be impaired by previous oesophageal surgery (e.g. oesophageal atresia repair, peptic or caustic stricture dilations and gastric fundoplication) and increase the risk of a food bolus (notably meat or fibrous fruit, such as citrus) or a foreign body impacting in the oesophagus and causing dysphagia and regurgitation of food. Prolonged impaction of an unrecognised foreign body in this context can aggravate existing oesophageal strictures through pressure necrosis.
Preventive strategies
Public education about the importance of appropriate supervision of small children and the risks imposed in the environment is most important. Public health awareness campaigns using various media are also required to lobby governments to legislate appropriate safety regulations locally.
Lobbying has led to the development and implementation of protective legislation in developed countries. While South Africa (SA) has benefited from legislation overseas, with a trickle-down effect into our local markets, consumers remain vulnerable to less scrupulous manufacturers.While this has had positive spin-offs in SA, with many local companies voluntarily implementing these steps, legislation and enforcement in SA remain limited. Examples include the following: • Child-proof bottle tops, requiring application of focal pressure in addition to unscrewing the cap, and spray-bottle safety catches on household detergents.
• Limitation on pH of detergents marketed for domestic use.
• Restriction of toys marketed for children ≤3 years old to a minimum of 3 cm in diameter.
• Secure battery compartments for motorised toys and hearing aids. [18] • Package labelling requirements, e.g. regarding content of chemicals in household use, associated health risks with ingestion, and first-aid advice, including poison centre contact details; warning on packaging of any smaller object to prevent access by children <3 years because of aspiration or swallowing risk.
• Dangerous product recall, e.g. of small (~3 -5 mm diameter), strong rare-earth (neodymium) balls marketed as 'executive' toys (Fig. 4) in the USA. [19, 27] Examples of unresolved challenges to primary prevention locally and elsewhere include:
• Ongoing household use of strong industrial-strength caustic agents, often illegally sold or decanted and stored in nondescript containers or recycled cold-drink containers, is of great concern. Thirsty children may seek these out or be given these by unsuspecting older siblings, particularly in hot weather, with devastating consequences.
• Marketing, using brightly coloured packaging, has brought new risks to the fore in the past few decades, e.g. automated dishwasher detergent pods, which have caused an upsurge in associated caustic oesophageal injuries in developed countries, [28] although fortunately significant injury occurs in <5% of cases. [2] Partnership with civil society to identify and mitigate the risks posed to children by these common environmental exposures is crucial. Organisations such as the Child Accident Prevention Foundation of Southern Africa (Childsafe) have been highly instrumental in promoting protective legislation and community awareness. Acknowledgement of the vulnerability of children and the creation of a community culture of protection have consequently grown significantly.
Creative resolutions to risks exist, but require social lobby of manufacturers, retailers and government to promote implementation of suitable marketing innovations and legislative reforms. Traditional print and social media activism remains a relatively under-tapped resource in this regard. For example, retailers of magnet toys could be encouraged to enclose them in a malleable child-proof outer shell. Some retail stores have taken the initiative to promote recycling of high-voltage lithium-ion electric cells; such initiatives could be expanded to include a safety campaign regarding disposal of all discharged used batteries. Warnings of the hazards of accidental swallowing of 'mouthed' small non-food objects by young children could be emphasised in the national Road to Health booklet provided to all children in the government sector and at clinic visits.
Major consequences of ingestion injuries are rare (<1%), [5] but children may incur major morbidity (e.g. tracheostomy, emergency thoracotomy, multiple oesophageal stricture dilatations, oesophageal replacement procedures, and bowel resection) and even mortality as a result. Secondary prevention of sequelae of caustic ingestion by caregivers and healthcare providers includes awareness of the risks posed by various items and agents, and timeous and appropriate removal of the object where indicated, follow-up, or other treatment. A summary of important common agents of ingestion injuries and a brief guideline to their associated management are given Table 1 . Early consultation with the nearest poison call centre and tertiary paediatric institution allows identification of the nature of potentially harmful chemicals and appropriate care.
Conclusion
Ingestion injuries remain extremely common in developing countries, unlike some countries in the developed world, where progressive legislation and community awareness foster a culture of vigilance against the risks of gastrointestinal injury in children by accidental injury by non-food substances. These highly preventable injuries are an unnecessary healthcare burden. Limitation of risk factors is achievable with partnership by government, health authorities and non-governmental agencies to identify potential hazards, legislate against commercial risks and warn the public about how these injuries occur. Strong acid Examples: car battery acid, industrial agent; higher risk for gastric perforation with acids, but oesophageal injury may also occur.
CME
As described above.
Reducing/oxidising reagent Potassium permanganate; hydrogen peroxide, bleaching agents (e.g. sodium hypochlorite, calcium hypochlorite).
Volatile agent Hydrocarbons (e.g. paraffin, paint thinners, household cleaning agents).
Respiratory distress, pulmonary crepitations, tachypnoea; radiological findings may lag behind clinical features of aspiration pneumonitis.
Central nervous system and cardiac depression less common.
Abdominal pain and nausea common, but endoscopy not indicated if substance is known.
Oxygen therapy and rarely mechanical ventilator support may be required.
Resolution in 48 hours -1 week.
